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Introduction
The total reaction cross section σ R is one of the most important physics observables for nuclear data studies. nucleon, since deuteron is a weakly-bound system and the coupling to its breakup channels can affect the elastic scattering. In other words, it is not trivial that one can describe the dynamical polarization potential corresponding to the breakup channels by a standard parametrization of the optical potential, e.g., the Woods-Saxon form and its derivative.
To circumvent this, in the present study we propose to describe the deuteron-nucleus reaction by means of a p + n + A three-body reaction model, where A stands for the target nucleus. We adopt the continuum-discretized coupled-channels method (CDCC) [10, 11, 12] that has successfully been applied to deuteron-nucleus reactions in a wide range of energies. CDCC is a non-perturbative reaction model that treats the couplings to projectile breakup channels explicitly. The theoretical foundation of CDCC is given in Refs. [13, 14] , and the reaction observables calculated by CDCC are shown [15] to agree with those by the Faddeev theory [16] , i.e., the exact solution of the three-body scattering problem. The input of the CDCC calculation is the nucleon-nucleus (N-A) optical potential, for which wellestablished global potentials such as the parametrization by Koning and Delaroche [17] and the so-called Dirac phenomenology [18] are available. In this study, however, we adopt a microscopic N-A potential so as to calculate potentials for not only stable but also unstable nuclei. This method is regarded as an application of the microscopic reaction theory based on the nucleus-nucleus multiple scattering theory [19] to the deuteron-induced reactions. Thus, we calculate unambiguously the deuteron-nucleus σ R , σ In Section 2, we briefly describe the framework of the reaction model and numerical inputs. We show in Section 3 typical results for σ R d and give its functional form for practical use. Section 4 is devoted to summary.
Three-body description of deuteron-nucleus reactions
In CDCC the total wave function Ψ of the p + n + A three-body system is expanded in terms of the set {φ i } of the eigenstates of the internal Hamiltonian h of the p-n system:
where R is the coordinate of the center-of-mass of the p-n system relative to the target nucleus A and r is that of p to n. The index i specifies the p-n eigenstate; i = 0 corresponds to the deuteron ground state and i > 0 to the discretized-continuum states of the p-n system. The expansion coefficient denoted by χ i describes the scattering wave function between the p-n system in the ith state and A. The three-body Schrödinger equation to be solved is given by
where T R is the kinetic energy operator regarding R and E is the total energy of the three-body system. CDCC is the ordinary coupled-channel description of the three-body reaction with the discretization of the p-n continua; for more details of CDCC as well as its theoretical foundation, see Refs. [10, 11, 12, 13, 14] .
In Equation (2), U p (U n ) is the p-A (n-A) scattering potential consisting of nuclear and Coulomb parts. For the nuclear part, we adopt the single folding model with the Melbourne nucleon-nucleon g-matrix interaction [20] and the one-body density ρ of the nucleus A. The nucleon-nucleus microscopic optical potentials, thus, constructed are shown to reproduce the elastic scattering observables for various reaction systems with no free adjustable parameters [20, 21, 22] . In this study, ρ is obtained by solving Hartree-Fock-Bogoliubov equations in coordinate space with SLy4 Skyrme energy density functionals [23] . We use the computer code lenteur [24] , which enforces time-reversal and spherical symmetries.
For odd nuclei, the so-called filling approximation is adopted.
The model space of CDCC is as follows. We include s-, p-and d-waves of φ calculated with the Ohmura potential [25] . The p-n continua are truncated at k = 1.0 fm −1 , where k is the p-n relative wave number, and the width of the momentum bin is set to 0.1 fm −1 .
The maximum value of r (R) is taken to be 100 fm (200 fm 
Results
[ Figure 1 about here.]
In Figure 1 , we show the predicted σ [9] . The prediction of the microscopic CDCC calculation agrees well with the experimental data except for the data measured at 160 MeV [28] , at almost the same level as that of the global optical potential [9] . One sees from Figure 1 that the σ NASA's formula [29, 30, 31] implemented in the particle and heavy ion transport code system (PHITS) [32] ; a severe undershooting of the experimental data as well as the prediction of the CDCC calculation is found.
Next we parametrize the σ R d calculated for the 15 nuclei mentioned in Section 2 at 10 ≤ E d ≤ 1000 MeV by the following form:
where A (Z) is the mass number (atomic number) of the target nucleus A. The effective radii of d and A, and the correction term δ are defined by
and
respectively. The Coulomb damping factor is given by
This parametrization is quite similar to that of Carlson's formula [2] for σ R p but we have slightly changed the energy dependence of R d and R A , and newly introduced δ and C.
The ten parameters, a 1 , a 2 , a 3 , b 1 , b 2 , b 3 , c 1 , c 2 , c 3 and d 1 , determined by the least squares method, are given in Table 1 . The present formula well reproduces the results of CDCC as shown in Figure 2 .
[ Table 1 
Summary
We have calculated the deuteron-nucleus total reaction cross sections σ 
